Background: Asthma and chronic obstructive pulmonary disease (COPD) overlap syndrome (ACOS) is an increasingly recognized clinical entity. ACOS significantly impacts on patient outcome compared to isolated asthma or COPD. However, ACOS definition and diagnosis criteria have not been well standardized. ACOS prevalence and clinical features in Thailand has never been studied. Objective: To investigate the prevalence and clinical features of ACOS compared to isolated asthma or COPD among patients with clinician-diagnosis of obstructive airway diseases. Methods: Spirometry, skin prick test (SPT) and allergens specific IgE (sIgE) were done. Serum total IgE, exhaled nitric oxide (FeNO) and blood eosinophils were measured. High resolution computed tomography (HRCT) was performed. Smoking history, pollution, biomass exposure and symptoms (Asthma Control Test [ACT], COPD assessment test [CAT], Modified Medical Research Council Dyspnea Scale [MMCR]) were assessed. Patients were classified to isolated asthma, COPD or ACOS according to predefined definitions for this study. Results: A total 92 patients were enrolled: 58 patients with clinician-diagnosed of late onset asthma and 34 with clinician-diagnosed COPD. The mean age was 67.4 years. Thirty-four asthma patients (58.6%) were considered to have ACOS with postbronchodilator forced expiratory volume in 1 second (FEV 1 )/forced vital capacity ratio <0.7 and/or presence of emphysema on HRCT. In addition, 10 COPD patients (28.6%) were classified as ACOS if they had bronchodilator reversibility (FEV 1 ≥ 12% and ≥ 200 mL) and positive SPT or sIgE. Hence, total of 44 from 92 patients (47.8%) with obstructive airway diseases were found to have ACOS, while isolated asthma and COPD were found in 24 patients equally. No difference in symptoms assessed by CAT, ACT, or MMRC was found between 3 groups of patients. Neither serum total IgE nor blood eosinophils counts distinguished ACOS from asthma and COPD (p = 0.83 and p = 0.40). FeNO was higher in pure COPD than ACOS and asthma (p = 0.03). Conclusion: ACOS is prevalent in late-onset asthma or clinician-diagnosed COPD who were treated in tertiary care clinic. However, we found no difference in symptoms, blood eosinophils or serum total IgE between groups.
INTRODUCTION
Asthma and chronic obstructive pulmonary disease (COPD) are common obstructive pulmonary diseases in clinical practice. Although asthma and COPD frequently represent with different clinical characteristics, significant overlap features between 2 diseases are observed. The observational study has initially shown that prevalence of asthma-COPD overlap syndrome (ACOS) range from 15% to 20% in a tertiary care severe asthma clinic and triggered worldwide controversy [1, 2] . ACOS was proposed by Global Initiative for Asthma (GINA) and Global Initiative for Chronic Obstructive Lung Disease (GOLD) [3, 4] . However, definition of ACOS has never been completely standardized. ACOS is commonly defined as either the diagnosis of COPD in a patient with previously diagnosed asthma, or incompletely reversible airway obstruction in asthmatic patients. In addition, ACOS diagnosis depends on the patient's presentations and laboratory tests [5, 6] . Moreover, ACOS patients experience uncontrolled symptoms despite medical treatments, more frequent exacerbations in the 6th decade of life, and poorer prognosis when compared to COPD or asthma alone. Furthermore, ACOS was associated with higher risks for exacerbations, increased and worse global health status compared with those with COPD alone [7] [8] [9] . The prevalence of ACOS in Thailand is not known but may represent an unaddressed public healthcare disparity. The aim of this study was to investigate the prevalence and characteristics of ACOS among COPD and high-risk asthma patients in a tertiary healthcare setting in Thailand.
MATERIALS AND METHODS
Cross-sectional study was conducted in Ramathibodi Hospital, Bangkok Thailand from August 2014 to October 2015. The clinician-diagnosed asthma and COPD patients were recruited at outpatient clinic. The study was approved by the Committee on Human Right Related to Research Involving Human Subjects, Faculty of Medicine Ramathibodi Hospital, Mahidol University (ID 08-57-06). All patients gave the informed consents before participating in the clinical study.
Patient inclusion criteria were as followings: (1) Enrolled asthmatic or COPD patients were diagnose by physician with age ≥40 years. (2) The clinician diagnosed asthma patients were identified and diagnosed following GINA [4] . (3) Clinician diagnosed COPD patients were identified and diagnosed according to GOLD [3] .
The exclusion criteria were as followings: any severe illness that limit the capability to perform pulmonary function testing.
Methods
All patients completed a questionnaire including onset of chronic airway diseases, smoking status, pack-years of tobacco use and history of biomass exposure. The current patient's symptoms using COPD Assessment Test (CAT, GlaxoSmithKline group, Middlesex, United Kingdom), Asthma Control Test (ACT, GlaxoSmithKline group) and Modified Medical Research Council Dyspnea Scale (MMRC) in Thai language version. Medical information and patients' characteristics including age, age onset of disease, and body mass index (BMI) were obtained. Spirometry and bronchodilator reversibility tests were performed according to the American Thoracic Society (ATS)/European Respiratory Society (ERS) standardization [10] . Fractional exhaled nitric oxide (FeNO) was measured. Total serum IgE and serum specific IgE (sIgE) for aeroallergens (Dermatophagoides pteronyssinus, Dermatophagoides farinae, and Aspergillus fumigatus) were measured. Eosinophils were counted. Skin prick tests for aeroallergens were performed. High resolution computed tomography (HRCT) of chest was performed for detecting emphysema and other radiologic findings.
Definition of ACOS
Patients were defined ACOS according to the following: (1) The clinician-diagnosed COPD patients were considered to have ACOS if there were evidence of atopy by positive skin prick test and/or sIgE and postbronchodilator FEV1 reversibility after 400-µg salbutamol inhalation ≥ 12% or ≥ 200 mL. (2) The cliniciandiagnosed asthma patients were considered to have ACOS if they had a history of smoking or biomass exposure > 10 years AND their postbronchodilator FEV 1 /forced vital capaticy (FVC) ratio was less than 0.7 OR presence of emphysematous change by HRCT of lung. (3) This sentence could be deleted (I think it is repetitive with the criteria (1) mentioned earlier).
All patient had spirometry and bronchodilator reversibility challenge performed as part of routine care at each clinic visit; only the results within 1 year were included. All patients were clinically stable without previous respiratory infections for the past 3 months. The procedures were performed according to the ATS/European Respiratory Society guidelines [10] . Spirometry parameters including FVC, FEV 1 pre-and post-bronchodilator testing using 400 mcg salbutamol were recorded. The volumes of spirometry were expressed in litre and percent of predicted values.
FeNO measurements
FeNO was measured by using electrochemical technique (NOBREATH, Bedfont Scientific Ltd., Kent, United Kingdom). FeNO was measured and reported in part per billion (ppb) according to the standard procedures recommended by the manufacturer. FeNO was acquired in a clinically stable condition without previous respiratory infections the past 3 months prior and before performing spirometry maneuver [11, 12] .
Serum total IgE and serum allergen sIgE measurements
Serum total IgE was measured using enz yme-linked immunosorbent assay and data were expressed in IU/mL. Serum sIgE measurement was performed by means of Pharmacia CAPSystem using fluoroenzyme immunosorbent assay (CAP-System-FEIA, Pharmacia Diagnostic Co., Uppsala, Sweden). The positivity of sIgE was determined by using level ≥ 0.35 KU A /L [13] .
Skin prick test to common aeroallergens
Skin prick test was done in COPD patients under a stable condition. Positive results were defined as wheal > 3 mm at immediately posttest within 15 minutes. Atopy was defined as positive result to at least 1 common aeroallergens that were pollens (Bermuda, Timothy, Johnson grass, Careless weed, or Acacia), mold (A. fumigatus), animal dander (cat, dog), house dust mite, and cockroach.
High-resolution computed tomography of chest
HRCT of chest was done by using thin collimation (1-mm thickness) technique and bone algorithm. Centrilobular emphysema was diagnosed in the presence of low attenuation lung area (less than -950 Hounsfield unit). The report of HRCT was done by radiologist independent of clinical diagnosis.
Statistical analysis
The clinical characteristics between asthma, COPD and ACOS patients including age, BMI, pack-years of tobacco use and years of biomass exposure were expressed as mean and range of results, and data from CAT, ACT score, and MMRC scale were expressed as mean and standard deviation (SD). The result of investigations (FeNO, total IgE, sIgE, and eosinophil count) were compared between two or more independent groups by using the chi-square, Fisher exact tests, and Kruskal-Wallis as appropriate. All statistical analyses were performed using Stata ver. 12 (StataCorp LP., College Station, TX, USA).
RESULTS
From 100 patients recruited from outpatient clinic, 92 were included in the analysis. There were 58 clinician-diagnosed asthma patients and 34 clinician-diagnosed COPD patients (Fig. 1) . Characteristics of clinician-diagnosed asthma and COPD were compared in Table1. Patients' age, spirometry parameters, symptom score (CAT, ACT, and MMRC), serum total IgE proportion of patients with atopy, and mean of eosinophil counts were similar between clinician-diagnosed COPD and asthma. However, clinician-diagnosed COPD patients were older, later onset of disease shorter duration of symptoms, more smoking pack-years and having higher proportion of male patients.
Thirty-four of 58 clinician (58.6%) diagnosed asthma patients were considered to have ACOS due to persistent airflow limitation from spirometry findings and/or HRCT detected pulmonary emphysema. By using the investigation definition, 30 ACOS patients presented with postbronchodilator FEV 1 /FVC < 0.70 and Hence, total 44 (47.8%) from both clinician diagnosed asthma and COPD were classified ACOS. While 24 were finally diagnosed as isolated COPD and 24 with isolated asthma. The patient classification (ACOS, pure asthma, and pure COPD) was shown in Fig. 1 .
Comparison of ACOS, isolated asthma, and isolated COPD
COPD patients were older and associated with the longer tobacco smoking (pack-years) than asthma and ACOS. No significant difference in duration of biomass exposure and symptoms score between each groups. ACOS patients have more reversibility of FEV 1 than others. More ACOS patients had reversibility than asthma and COPD groups and the magnitude of the reversibility in FEV 1 was greater than those with pure asthma and pure COPD. Asthma patients had the higher blood eosinophil count than other groups. In addition, the higher serum allergen sIgE for aeroallergen were noted in asthma and ACOS, particularly, D. farinae. The comparison between 3 groups of obstructive airway disease was shown in Table 2 .
The highest FeNO was noted in COPD in comparison to asthma and ACOS patients (p = 0.04). The FeNO level in atopic COPD was statistically significantly different from those without atopy (mean 66.6 ppb vs. 46.8 ppb in nonatopy vs. atopy patients, respectively p < 0.005). Higher serum total IgE was noted in COPD with atopy than COPD without atopy (825.9 IU/mL vs. 227.3 IU/mL, p < 0.005). 
DISCUSSION
Prevalence of ACOS was 47.8% among obstructive airway disease patients treated in a tertiary care clinic in Thailand. In comparison with previous observation, the prevalence of ACOS in United States (US) population, there was 15.8%-23.4% of obstructive airway disease patients in general clinic and severe asthma clinic [1] . However, recent studies show that prevalence of ACOS from both asthma and COPD cohort in the different region varies from 14.6%-56% [7, 14, 15] . Prevalence of ACOS in Thai chronic airway disease patients was similar to Australia as well as United Kingdom. The US cohort found that half of patients with diagnosed obstructive lung disease were ACOS [15, 16] .
Thirteen percent of COPD patients in COPDgene cohort and 17.4% of Spanish COPD cohort were labelled ACOS according to history of previous physician-diagnosed asthma [8, 17] . In contrast to our study, one-third (29.4%) of clinician-diagnosed Thai COPD was classified ACOS according bronchodilator reversibility and presence of atopy. Apart from ACOS definition or description, patient characteristics, clinical severity, and ethnicities contributed to the difference between ACOS prevalence in COPD. For ACOS from the asthma aspect, one-fifth (22.8%) of Latin American cohort with fixed airway obstruction were reported a prior diagnosis of asthma [18] . The prevalence of Scandinavian ACOS in asthmatics in primary care clinic was 27.4% [19] . Since we enrolled more severe asthma in specialist clinic, selection bias is associated with the higher ACOS prevalence in our study. Age of Thai ACOS is comparable with isolated asthma and isolated COPD that were similar to previous report [8] .
Tobacco smoking is the most important risk factor of COPD around the world including Asian region [3] . However, duration of tobacco smoking in Thai ACOS did not reach GOLD definition of COPD. Previous Asian studies has supported that cigarette smoking was related to the development of fixed airway obstruction in asthma which is a criterion in the definition of ACOS [20] .
No difference in symptoms assessed by CAT, ACT, or MMRC was found between 3 groups in the present study. Our study compared symptoms using composite score including COPD (CAT) and asthma (ACT) in all obstructive airway patients. The composite score could not differentiate severity among there clusters of airway diseases. Generally poor quality of life is noted in ACOS compared to isolated asthma and isolated COPD.
The limitation of our study is lack of measuring quality of life by using specific questionnaire either asthma-related quality of life questionnaire or St. George Respiratory Questionnaire. Neither serum total IgE nor blood eosinophils count distinguishes ACOS from asthma and COPD in Thai cohort. This finding is different from previous study of biomarker study in ACOS which shown role of these biomarkers [5, 21] . However, FeNO was significant higher in isolated COPD than ACOS and isolated asthma. The increased FeNO in our COPD group may relate to tobacco smoke inhibits nitric oxide synthase and the presence of Th2 inflammation in COPD with atopy may lead to increased FeNO. For these, reason, FeNO cannot be recommended for differentiating asthma from COPD [12] . Moreover, we found that atopic status could be a confounding variable for high FeNO level in Thai COPD. Since allergen sIgE is recommended for defining atopy and it was used with FeNO for diagnosed ACOS in Japanese cohort [21] . Nevertheless, Thai ACOS had the higher serum total IgE and FENO in comparison with Japanese population. Different biomarkers may reflect the different racial basis and atopic background. For this reason the current biomarkers including lung function bronchodilator reversibility, total IgE, and FeNO are limited in terms of ACOS diagnosis across the different ethnicities and their role needs to be further investigated.
In conclusion, prevalence of ACOS is common in severe late-onset adult asthma and COPD who were treated in a Thai tertiary care clinic. However, there is no difference in symptoms score, lung functions and biomarkers of atopy and systemic inflammation were found. Atopy is common in our Thai COPD cohort that has never been previously reported. Further studies are needed for characterizing ACOS whether it is a part of the spectrum of asthma or COPD or another entirely different entity.
